It is well established that active antineutrophil cytoplasmic antibody-associated vasculitis (AAV) -granulomatosis with polyangiitis (Wegener's; GPA) or microscopic polyangiitis -is associated with a very high risk of venous thromboembolic events (VTE): about 7 per 100 person-years 1,2,3,4 , compared to 0.15-0.31 in the general population 5, 6, 7 . Risk probably remains elevated, although to a much lower degree, during remission. Such risk has been calculated (1.0 per 100 person-years) in only 1 study 4 and was not formally compared to the published data on healthy persons available at the time 5 ; but dissection of data from the other studies of VTE in AAV 1,2,3 and addition of data from new and very large cohorts of healthy persons support the statement that the relative risk of VTE during quiescent AAV is elevated, probably to about the same degree as in rheumatoid arthritis or inflammatory bowel disease 6, 7, 8 . The increased risk of VTE in AAV, regardless of disease activity, cannot be attributed to the known risk factors for VTE 2, 4, 9 .
It is on this background that Hilhorst, et al looked for evidence of hypercoagulability in patients with quiescent AAV 10 . At first glance, it might appear that investigating active AAV would be more fruitful, but since abnormalities related to leukocytes, endothelial cells, platelets, and coagulation proteins are all prominent in active AAV 4, 11, 12, 13, 14 , it is likely that multiple prothrombotic mechanisms are operating simultaneously. Thus, clinical remission provides an opportunity to identify prothrombotic abnormalities with the prospect of defining clear -and likely surprising -mechanisms.
Hilhorst, et al used the endogenous thrombin potential (ETP), a sensitive indicator of overall plasma coagulability 15 , as their primary measure. This type of assay has been used in only 1 previous study of patients with vasculitis, which reported very high thrombin generation in children with active vasculitis, particularly those with clinically apparent thrombosis, but mostly normal levels in children with inactive vasculitis 12 . In the study by Hilhorst, et al, ETP was clearly higher on average among patients than controls (although there was some overlap), in spite of the fact that levels of the anticoagulant proteins tissue factor pathway inhibitor, protein C, and protein S were at least nominally higher among patients. The procoagulant protein factor VIII was also higher in patients than controls, leading the authors to propose that endothelial cell dysfunction is the source of the hypercoagulable state. This conclusion may be an overstatement, since the other major branch of thrombogenesis -platelet function -was not analyzed; but the core finding is unambiguous.
The question then arises: Were the patients truly in remission? On clinical grounds, several factors strongly challenge the notion that vasculitis was brewing within the cohort at the time of sampling: only 2/27 patients relapsed during followup, relapse-free patients were followed for at least 1 year, and median followup time was 5 years. Treatment status also argues that this cohort was in remission, and that findings cannot be attributed to artifacts of treatment: 8/27 patients were untreated at the time of sampling, and their ETP appeared to be elevated to the same degree as in patients treated with prednisone or other immune-suppressive drugs. A more rigorous definition would include normal markers of inflammation; C-reactive protein (CRP) was normal in many patients in this study, but ETP was not analyzed relative to CRP and treatment status. One could argue that antineutrophil cytoplasmic antibody (ANCA) status should also be used to identify patients in remission with the greatest confidence, because ANCA -the only marker of ongoing autoimmunity in AAV -might lead to inflammation undetectable by other means, or cause direct or indirect injury to endothelial cells 16, 17 . Again, most patients in this cohort were ANCA-negative at the time of sampling, but a specific group of untreated, ANCA-negative patients in longterm remission with normal CRP was not defined, and the number of such patients would have been no more than 8 and likely difficult to interpret.
So, like most novel and interesting studies, this one is not definitive and needs to be repeated and extended. Although I advocate focusing on patients in longterm, drug-free remission -both for estimating risk of VTE and determining its mechanism -study of patients with active AAV will clearly also be of great interest 13 , not only to investigate mechanisms, but also to identify the best, most clinically useful markers associated with risk of VTE. More studies are needed, not only of plasma coagulability, but also on platelet function and microparticles. Unfortunately, such studies require special treatment of blood samples, so archived specimens may be of limited use. For example, Tomasson, et al found significant alterations in several plasma proteins related to platelet activation and the interaction between platelets and endothelial cells 11 , but these proteins also have other functions, and platelet function could not be measured directly. Similarly, my colleagues and I found that concentrations of plasminogen activator inhibitor-1 (PAI-1, an antithrombotic product of endothelial cells) in the serum of patients with active AAV were often very low 12 , but study of patients in that clinical trial is limited to what can be measured accurately in conventional serum or plasma.
Although it is too early to propose that ETP be used to determine whether a patient should be anticoagulated longterm -a question that arises in each of the many patients who has a VTE around the time of diagnosis or relapse -it is notable that ETP has been associated with risk of recurrent VTE in other settings, improving upon the predictive power of D-dimer and other tools for quantifying risk 18,19. In addition to the obvious opportunity to determine risk factors for VTE during both active vasculitis and remission, study of prothrombotic and antithrombotic factors in AAV may help address other clinically important questions. Are persistent abnormalities predictive of disease relapse over many years, progression of renal function despite lack of evidence for recurrent glomerulonephritis 20 , and development of atherosclerosis and/or cardiovascular events typically associated with atherosclerosis 21 ?
Studies that address these questions will need to be large, long in duration, and probably prospective, and that is a problem. However, considering that the research priority in the first 30-40 years after the description of Wegener's granulomatosis (now GPA) was finding a treatment that would keep patients alive and with functioning kidneys, it is a good problem to have. Patients in longterm, drug-free remission may now be the most under-studied category of persons with AAV, but the existence of large numbers of such patients is -and will continue to be -a direct result of the great progress made in identifying the best and safest treatments for induction and maintenance of remission in these diseases, as informed by advances in understanding their pathophysiology.
